
Cost EfCost Effectiveness of Insulinfectiveness of Insulin
Pump  Pump  Therapy Therapy 

Neale Cohen and Jonathan Shaw
International Diabetes Institute,

Victoria, Australia

CC
ontinuous subcutaneous insulin infusion using insulin pumps is
becoming more sophisticated with improvement in technology.
The use of these pumps is increasing amongst patients with type 1

diabetes and they have been shown to improve glycaemic control, hypogly-
caemia rates and quality of life.  There are, however, high costs associated
with the use of pump therapy both in terms of purchasing equipment and
increased health professional time for commencement of pump therapy.

Cost effectiveness is becoming a high priority for health care in most coun-
tries and guidelines have been developed for economic evaluation of med-
ical therapies.  The cost effectiveness is most commonly assessed looking
at quality adjusted life years (QALY) gained by a treatment and the incre-
mental cost effectiveness ratio (ICER) or cost per QALY.  This enables
direct comparison to be made between different treatments in different dis-
eases.
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Pump therapy vs. multiple daily
injections

Pump therapy has been compared
with conventional therapy in a num-
ber of studies and outcomes are
mostly favourable for insulin pump
therapy compared with multiple day
injections of insulin (MDI).    There
have been several meta-analyses
performed comparing the two treat-
ments.  The largest and most recent
by Weissberg-Benchell et al is a
meta-analysis of studies involving
1547 patients including adults, ado-
lescents and children (1).  Fifty two
studies were published between
1979 and 2001, however only 13 of
these were published after 1993.
The principle finding was of an
HbA1c reduction of 1.2% in favour
of pump therapy in those who had
been on pump therapy for more than
one year. Eleven of the 52 studies
were parallel study design, and from
these there was an HbA1c reduction
of 0.95% in favour of pump therapy.
Insulin pump therapy was associat-
ed with decreased frequency of mild

and severe hypoglycaemic but data
was mostly descriptive in the stud-
ies involved.  Another meta-analysis
by Pickup et al looked at 12 trials
and 301 patients published between
1982 and 2000.  The HbA1c differ-
ence was 0.51% in favour of CSII.
Again, there was a lower frequency
of hypoglycaemia but this was not
quantitated (2).  A meta-analysis by
Colquitt et al in adults with type 1
diabetes showed an HbA1c reduc-
tion averaging about 0.5% in favour
of CSII (3).  A large randomized,
controlled, crossover trial by
Hoogma et al. (4) compared MDI
with insulin pump therapy in 272
patients over 6 months.  Similarly,
results were in favour of CSII show-
ing lower HbA1c at the end of the
treatment period (7.45% vs. 7.67%)
and reduced frequency of hypogly-
caemia (mild hypos 11% decrease,
severe hypos 60% decrease) (4).

Cost effectiveness studies

Cost effectiveness analysis is
dependent on many factors includ-
ing the population under study and

local costings of pumps, insulin and
health services.  Calculation of long
term costings and savings of treat-
ment relies on modeling analyses of
disease.  There are few cost effec-
tiveness studies published to date
comparing multiple daily injections
to insulin pump therapy.  Those
published vary in the type of disease
modeling used and input data
including local cost factors.  In a
recent publication by Roze et al,
analysis was performed in a UK
population using the CORE dia-
betes model.  This model uses a
standard Markov/Monte Carlo sim-
ulation technique and is designed to
predict the progression of diabetes
and its complications over a vari-
able time horizon (5, 6).   The
CORE diabetes model has been pre-
viously published and validated and
relies on data largely from the
DCCT and UKPDS trials.  Using
this model, the Roze study analyzed
cost effectiveness of insulin pump
therapy compared with MDI with
an HbA1c reduction of 1.2% (as per
Weissberg-Benchell's meta-analy-
sis) and time horizon of 60 years.
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Life expectancy in pumps users was
improved by 0.71 years compared
with MDI or an additional 0.76
QALYs.  Mean lifetime costs of
pump therapy were £19,407 in
excess of MDI and this gives rise to
cost per QALY gained of £25,648.
Sensitivity analyses were used look-
ing at changing the main variables
in the analyses.  Using the Pickup
HbA1c reduction of 0.51% pumps
were less cost effective at £61,564
per QALY.  

These analyses assume a neutral
effect of pumps on hypoglycaemia
rates. However, recent studies have
shown a 50-75% reduction in hypo-
glycaemia rates.  Sensitivity analy-
sis was performed using 50% and
75% reduction of hypoglycaemia
rates and the cost effectiveness was
£20,104 and £18,044 respectively.
Another paper by Scuffham et al
looked at cost effectiveness in the
UK (7).  This study used a Markov
model and data from the meta-
analysis by Pickup.  Results were
adjusted for changes in quality of
life.  The mean cost per QALY was
£11,461.  Insulin pump therapy was
most effective for the small percent-
age of patients requiring at least two
hospital admissions per year for
hypoglycaemia, with cost per

QALY of <  £3,000.

A recent Australian study (Cohen et
al. in press) has used the CORE
model in association with current
Australian costings to look at
insulin pump therapy cost effective-
ness in both adults and adolescents.
In this study using an HbA1c reduc-
tion of 1.2%, an increase in quality
adjusted life expectancy of 0.47
years in adults and 0.56 years in
adolescents was associated with
costs of $74,147 and $74,661 per
QALY respectively.  These results
are just below the threshold above
which the Australian Pharmaceutical
Benefits Advisory Committee
(PBAC) is unlikely to recommend
listing of a drug for reimbursement
in the Australian system (8).

Improved glycaemic control associ-
ated with pump therapy reduced
long term complication rates and
costs and again these were offset by
the increased cost over a lifetime of
insulin pump therapy compared
with MDI therapy.  Comparing
insulin pump therapy with MDI
severe vision loss was reduced by
21% in adults and 12% in adoles-
cents, end stage renal disease
reduced by 22% in adults and 16%
in adolescents, and peripheral vas-

cular disease reduced by 24% in
adults and 16% in adolescents.
Myocardial infarction was reduced
by 11% in adults and 4% adoles-
cents.  This may be an under-esti-
mate as evidenced by recent EDIC
data showing a 50% reduction in
cardiovascular outcomes in long
term follow-up from the DCCT
cohort (9).  Treatment costs were
the largest component of costs with
$80,281 and $93,641 lifetime costs
in insulin pump therapy compared
with $39,749 and $44,703 for MDI
in adults and adolescents respec-
tively.

There were many sensitivity analy-
ses performed in this study.  HbA1c
was varied to 0.51% and 0.95%
reduction.  In adults, this resulted in
cost per QALY of $124,201 and
$97,297 respectively.   In adoles-
cents, results were similar at
$114,818 and $97,283 respectively
(Figure 1). 

Hypoglycaemia rates were varied to
50% and 75% reduction with
insulin pump therapy.  In adults
costs were $63,537 and $57,936
respectively per QALY.  In adoles-
cents results were $62,950 and
$56,472 per QALY respectively.  It
is important to note that these stud-

VVol.2 No.4 2007ol.2 No.4 2007 Page 27



ies do not take into account indirect
costs to the community such as pro-
ductivity losses associated with
severe hypoglycaemia. Hypoglycaemia
per se did not have a large impact on
direct costings as most hypogly-
caemia episodes are treated without
hospital admission.   According to
Australian figures 18% of patients
with type 1 diabetes have suffered
two or more severe episodes of
hypoglycaemia in the previous six
months, and after a severe event
74% restrict activities over the next
few days.  There are no currently
published data on the indirect costs
in type 1 diabetes but it would be
reasonable to expect a significant
indirect economic benefit from
hypoglycaemia reduction.

Sensitivity analysis was performed
comparing MDI which incorporates
the new long-acting insulin ana-
logue, glargine, with insulin pump
therapy.  Glargine is a more expen-
sive insulin although may be more
effective at reducing HbA1c and
lowering hypoglycaemia rates (10).
In current treatment of type 1 dia-
betes, this is an important compari-
son group, as most patients with
type 1 diabetes are now treated with
either a glargine or detemir based
MDI regime.  Few studies have
looked directly at a glargine-based
MDI regimens and insulin pump
therapy and there are no published
data looking at detemir insulin and
insulin pump therapy.   

Two adult studies, in which glargine
was used, showed quite different
results, highlighting a need for more
studies in this area.  Of these, a large
retrospective study showed a 0.39%
reduction in HbA1c in favour of
insulin pump therapy (11).  The
ICER in this scenario was
$229,760.  The other study (in a
small number of hypoglycaemia-
prone patients) (13) showed an
HbA1c reduction of 1.4% and a cost
per QALY of $40,394.  In a paedi-

atric population study by Doyle et al
(12), HbA1c reduction was 0.8% in
favour of insulin pump therapy
compared with a glargine MDI
group.  This HbA1c reduction was
used in a sensitivity analysis in the
adolescent cohort and  resulted in a
cost of $64,175 per QALY.

Conclusion

The studies reviewed show that cost
effectiveness of pump therapy
varies markedly according to
HbA1c reduction achieved and the
patient groups analyzed.  Insulin
pump therapy is cost effective in
patients who would achieve a large
HbA1c drop.  Therefore, from an
economic perspective, insulin pump
therapy should be considered for a
more 'brittle' group of patients in
whom initial HbA1c is high.  There
is a smaller but significant benefit
from a cost perspective on hypogly-
caemia reduction.  
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HH
yperglycaemia remains a
major cause of maternal
and fetal morbidity in dia-

betes in pregnancy.  It has been
recognised for many years that
pregnancies in women with pre-
existing diabetes are complicated
by higher rates of congenital mal-
formation, stillbirth and perinatal
mortality.  Many studies have con-
firmed the benefits of improving
glucose levels in pregnancy in
reducing maternal and fetal com-
plications, but overall the out-
comes for diabetic pregnancies
still remain significantly worse
than for non-diabetic pregnancies.
The milder degree of glucose
intolerance in gestational diabetes
(GDM) is also associated with
fetal macrosomia, hypoglycaemia,
respiratory distress syndrome and
neonatal jaundice (1).  There
appears to be a continuum of risk
of increasing complications with
increasing glucose intolerance.
Intensive glucose control can
reduce the rates of macrosomia,
caesarean section and other com-
plications in GDM (2).  It is also
important to avoid hypoglycaemia
for both maternal and fetal well-
being.  Optimal management of
glucose levels in pregnancy is
therefore crucial in obtaining the
best obstetric results in diabetic pregnancies.

Intensive management of diabetes
in pregnancy currently involves
multiple (usually 4-7) finger prick
glucose measurements per day in
order to optimize control.  This
does provide valuable informa-
tion, but is still an incomplete pic-
ture of glucose excursions.
Monitors are now available which
can provide a comprehensive glu-
cose profile over a 72 hour period.
The purpose of this paper is to
review and discuss the role of
these new glucose monitoring
tools in pregnancy.

Continuous glucose monitors
(CGM)

The Medtronic CGMS device
gained US FDAapproval in 1999.
It is comprised of a disposable glu-
cose sensing device which is
inserted just under the skin and
connected by a cable to a pager
sized glucose monitor.  Based on
the electrochemical detection of
glucose by its reaction to glucose
oxidase, the system takes an inter-
stitial glucose measurement in
subcutaneous tissue every 10 sec-
onds, within a range of 2.1-22.0
mmol/l.  An average value is
stored every five minutes, for a
total of 288 measurements per day.

The electrode's accuracy is
improved by calibration against
the glucose meter readings which
are input by the wearer, and it
requires at least one glucose read-
ing every 12 hours (four a day is
preferred).  The system uses a lin-
ear regression calculation to cali-
brate against the meter values.
Interstitial glucose lags behind
capillary glucose by approximate-
ly ten minutes, but the sensor uses
an algorithm to adjust for this
steady state difference. Although
one could argue that interstitial
glucose does accurately reflect the
tissue environment, there is more
of a difference between capillary
and interstitial glucose in times of
rapid fluctuations in blood glu-
cose.  Patients may well experi-
ence hypoglycaemic symptoms
before the monitor has registered
them.  Medtronic released another
CGMS version in 2004 - the
"Guardian Telemetered glucose
Monitoring System", which
included alarms which could alert
patients to impending hypo or
hyperglycaemia.  The subsequent
"Guardian RT CGMS" added a
real time glucose data display, and
the latest model - the "Guardian
Real Time CGMS" includes a
modified monitor and radiofre-
quency transmitter.  It can be inte-
grated with the Minimed
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Paradigm insulin pump.  The real
time glucose devices by definition
do not adjust for the lag between
interstitial and capillary glucose
(presenting just the ambient glu-
cose interstitial concentration)
which may delay the diagnosis of
hypoglycaemia.  Alarms on the
recent models which are linked
with trend arrows do go some way
to addressing this. There are seven
different CGM devices with FDA
approval in the United States
(including the "Glucowatch, G2
Biographer", "GlucoDay",
Menarini Diagnostics, "Pendra",
Pendragon Medical and "STS",
Dexcom), but only the Medtronic
devices are currently available in
Australia or New Zealand.

Safety of CGM

The Medtronic CGMS and
Dexcom STS devices are very
well tolerated by subjects.  The
inserted needles allows potential
infection, but sterile insertion
techniques mean that the rate of
irritation and infection is low (0-
3% in studies).  There is usually
minimal discomfort associated
with wearing these monitors, but
some subjects find them inconven-
ient (especially in the shower!).  In
our study of pregnant women with
diabetes, 44/48 women assessed
the Medtronic CGMS as 'very

easy to use or 'easy to use'.  The
level of inconvenience was rated
as 'minimal' or 'minor' in 81% of
subjects (3).  In contrast, the
"Glucowatch" has been withdrawn
from the market because of a high
rate of skin burns.

The Accuracy of CGM

The critical question regarding the
usefulness of glucose monitoring
devices is, how accurate is it?
There have been many studies
investigating Minimed CGMS.
Gross et al (4) studied 135 adults
with type 1 diabetes and compared
the CGMS values with meter
results, and found a good correla-
tion (r=0.91) between these val-
ues.  Other investigators have
found similar results.  Tansey stud-
ied 200 children in the outpatient
setting and found a mean relative
absolute difference of the
Guardian CGMS to meter values
of 12% (5).  

However, CGMS does appear to
be less accurate in the hypogly-
caemic range, and over-diagnose
hypoglycaemia.  Bodes' study of
71 patients with Type 1 diabetes
found that the Guardian CGMS
produced 46% false hypogly-
caemia alerts, and read on average
12.8mg/dl below the concurrent
glucometer readings (6).  Metzger
studied nine subjects with well

controlled diabetes and two non-
diabetic controls with two concur-
rent CGMS monitors (7).  Despite
an overall correlation of 0.84
between the two monitors, the
concordance was not ideal - with
>70% of values displaying >10%
difference.  The CGMS device
may be less accurate in patients
who are well controlled and have
less glucose excursions, as it relies
on linear regression to calibrate.

Clinical studies using CGM

Non-pregnant population

CGMS has been extensively stud-
ied in non-pregnant diabetic
patients where it has demonstrated
clinical usefulness, and has been
able to enhance decision making
by detecting previously unrecog-
nised post prandial hypergly-
caemia and nocturnal hyper and
hypoglycaemia.  It is worth noting,
however, the limited benefit seen
in improvement in HBA1c in clin-
ical studies.  Four randomized
studies with over 200 subjects
between them showed no or mini-
mal improvement in HBA1c in
subjects using CGMS vs. finger-
prick monitoring.  A recent study,
using the real time Guardian RT in
156 subjects, did find a significant
reduction of 0.6% in those using
the glucose monitor (8). 
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Pregnant population

Yogev et al (9) conducted one of
the first larger trials of the CGMS
in pregnant women with Type 1
diabetes.  Thirty four women
underwent a CGMS study.  Their
CGMS results were analyzed sep-
arately to their glucose diaries by a
blinded experienced physician.
The CGMS revealed multiple
episodes of hyper and hypogly-
caemia which were not detected
by intermittent meter glucose lev-
els.  The insulin regimen of the
patients was altered in 70% of the
subjects, based on the CGMS
results.  Chen et al went on to
study 47 Israeli and 10 American
pregnant women with GDM, both
diet and insulin treated, in the third
trimester.  In the Israeli women,
they found a mean of 131 ±31
minutes per day of unrecognised
hyperglycaemia (>140mg/dl or
7.8mmol/l) in the insulin treated
group and 94 ±23 minutes per day
in the diet group.  Thirty one noc-
turnal hypoglycaemic events (>30
minutes with glucose <50mg/dl)
were recorded in 14 of the insulin
treated Israeli women and 8 of the
10 American women also had
overnight hypoglycaemia.  In 76%
of the Israeli women and all of the
American women, the CGMS
study altered management deci-
sions which had been based on fin-
gerprick glucose monitoring.  We
also conducted a study of CGMS
in the community setting -68
CGMS traces were obtained in 55
pregnant women - 37 with gesta-
tional diabetes, 10 with Type 2 and
8 with Type 1 diabetes (3).  42/68
(62%) of traces were assessed as
providing additional information
which altered clinical manage-
ment decisions.  The CGMS traces
were most useful in patients with
Type 1 diabetes, who are prone to
more significant glucose excur-

sions.  Although intermittent fin-
gerprick glucose estimation can
certainly demonstrate post prandi-
al hyperglycaemia, it appears from
these clinical studies that CGMS
can detect some hyperglycaemia
that is missed with intermittent
monitoring.   Possible explana-
tions for this include that postpran-
dial hyperglycaemia may also
extend for longer than can be
demonstrated by a single finger-
prick level, and that the CGMS
removes the potential for error in
the patients timing and method of
glucose estimation.

The detection of unrecognised
hypoglycaemia is another specific
advantage of CGMS.   Maternal
hypoglycaemia is a common
occurrence in pre-existing dia-
betes in pregnancy, occurring up
to 15 times more often than in the
non-pregnant state in the intensive
management arm of the Diabetes
Control and Complications Trial.
Hypoglycaemia is potentially
damaging to mother and fetus,
with animal studies showing that
hypoglycaemia in the first
trimester can be teratogenic.
Human data is limited, and obser-
vational studies have failed to link
the incidence of hypoglycaemia
with congenital malformations,
but logic would suggest that hypo-
glycaemia is best avoided in
developing brains.  The more
advanced continuous glucose
monitors which have hypogly-
caemic alarms and trend alarms
and enable patients to check their
glucose with a meter value will
also help to address the issue of
poorer accuracy of the monitors in
the hypoglycaemic range.

Another advantage of the continu-
ous glucose monitors is the extra
information and feedback it pro-
vides to the subjects.  Pregnant

women with diabetes tend to be
highly motivated to improve their
glucose levels, and the 24 hour
profiles can be informative and
useful for the subjects themselves.
In our community based CGM
study 43/48 subjects (90%) report-
ed that their understanding of how
they could control blood glucose
was either 'clearly better' or 'better'
after using the CGMS (as opposed
to 'the same', 'worse' and 'clearly
worse') (3).  

As yet, there is no data in pregnant
women showing an improvement
in HBA1c with the use of CGM.
There is of course also no data
showing improved obstetric end-
points with CGM use, which
would require very large subject
numbers to be adequately pow-
ered.

Futur e role

CGM devices are also already
being used to study new treat-
ments and insulin regimes,
because of their unique 72 hour
glucose profile.
Pregnancy represents a unique
chance for clinicians to study in
detail the effects of glucose excur-
sions on clinical end points.  CGM
may enhance our ability to identi-
fy the effects of hypo and hyper-
glycaemia on the developing fetus,
by recording in new detail the
extent of glucose excursions.
Kersson (10) has already used the
CGM to show that hypergly-
caemic in the second trimester was
linked to early large for gestation-
al age babies in women with Type
1 diabetes.  It may help us to tease
out the role of hyperglycaemia
amongst other contributors to
macrosomia, placental dysfunc-
tion and other adverse events.  In
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time, continuous glucose monitors
may help to improve obstetric out-
comes in pregnant diabetic women
and their offspring.

Conclusion

CGM is a promising tool which
has shown some, but limited bene-
fit in improving glycaemic control
in women with diabetes in preg-
nancy.  When used judiciously,
with knowledge of its limitations,
it is a useful adjunct for the clini-
cian and patient who are striving
to optimize glycaemic control in
pregnancy. It shows promise as a
research and clinical tool in the
future, as technological advances
improve its accuracy and features.
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